With the aim of facilitating routine clinical application of the vectorcardiogram, the present study was undertaken to determine, for normal children, the voltage distributions in various directions of each of the three planar projections, and to present them in a form that could be used readily for diagnostic evaluation of vector loops. The applicability of the procedure was tested in the assessment of left and right ventricular hypertrophy in patients with aortic and pulmonary stenosis, respectively.
Materials and methods A total of ioi children was included in the normal series. The absence of cardiovascular disease was inferred from a negative clinical history and physical examination obtained by a cardiologist. The standard electrocardiogram did not show any abnormality. The children had been admitted to the Alder Hey Children's Hospital in Liverpool for various short-term illnesses, such as minor trauma, upper respiratory tract illnesses, ear, nose, and throat infections, and behaviour problems. The children varied between 3 and 14 years of age and there were 8 to IO subjects at each year interval (io between 3 and 4 years, 9 between 4 and 5 years, etc.). There were 65 boys and 36 girls.
The vectorcardiograms were obtained, just before discharge from the hospital, by means of a Sanborn vectorcardiograph (Sanborn I85 vector system) modified for the Frank lead system (Frank, 1956) . The In each plane, and for each of the directions considered, the distribution of voltages was characterized by a selected set of percentiles. Graphic loops were then constructed by connecting the corresponding percentile points in the different directions of any given projection. The direction of the horizontal and left sagittal planes for graphic presentation was counterclockwise in all cases. Because of the overlap of the initial and terminal forces in the frontal plane, the direction was not taken into account.
Percentile connecting loops of the above type were constructed on transparent paper for superimposition on individual vectorcardiograms, matching the E point and the axes (see Fig. 4 ). Such loops, based on selected percentile values, were used to determine the frequencies with which the loops under study protrude outside the superimposed reference loop and in which quadrants these high voltages occur. This was done first on the normal series to evaluate specificity. Then, for the purpose of gaining some idea of sensitivity, cases of aortic and pulmonary stenosis were studied. There were 20 patients with pure valvar aortic stenosis, with left ventricular pressures ranging from i5o tO 280 mmHg (mean= i88 mmHg), and 20 patients with pure valvar pulmonary stenosis with right ventricular pressures between 69 and I03 mmHg (mean=9ni mmHg). All these children had been studied by cardiac catheterization at the Children's Hospital Medical Center, Boston, Massachusetts. The age range of these patients was from 3 tO 14 years, as with the normal subjects. The horizontal plane was used, since it is more sensitive than the other two projections in the detection of ventricular hypertrophy.
Results
Selected percentiles of directional voltages in the horizontal, frontal, and left sagittal projections are given in Tables I, 2 , and 3, respectively, and partially illustrated in Fig.  I , 2, and 3.
When screening for a totally unspecified abnormality it is necessary to consider all parts of the loop. The loop connecting the directional 95th percentiles in the horizontal projection was evaluated in this way. The horizontal plane loops in 22 of the normal subjects were not completely contained within the reference loop. Thus, the false positive rate of this procedure and criterion may be estimated as 22 per cent, which corresponds to a specificity of 78 per cent. In I9 of these the positive finding arose in one quadrant only, and in the remaining 3 it occurred in two quadrants for each subject. respectively. These data, together with analogous data for the loops connecting 97th
and ggth percentiles, are presented in Table 4 .
Since left ventricular hypertrophy tends to manifest itself in increased forces in the left posterior quadrant of the horizontal vector loop, this quadrant alone was used to analyse the loops for the patients with aortic stenosis. jointly. The combined specificity of these two quadrants for normal subjects is 89 per cent using the loop connecting the 95th percentiles (Table 4) . Nineteen of the 20 patients with pulmonary stenosis showed a positive value in the right posterior quadrant, and the remaining patient was positive in the right anterior quadrant (Fig. 6) . Thus, for these 20 patients with pulmonary stenosis, the 95th percentile limit in the right anterior and right posterior quadrants gave a sensitivity of ioo per cent. Gamboa, R., Hugenholtz, P. G., and Nadas, A. S. 270°-°°°-°°O -OI 
